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Abstract: X-ray microanalysis was used to study the elemental composition of the shell of the freshwater testate 
amoeba Difflugia tuberspinifera Hu et al., 1997 collected from Mulan Lake, Hubei province, China in July 2003. The 
results show that the shell is composed of ten elements: Si in greater quantity; then Ca and Al; and traces of K, Na, 
Cl, Fe, Mg, S and P. The analysis of results suggests that D. tuberspinifera in elemental composition appears to occu- 
py a middle position between marine and soil testate amoebae . 
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Since the phenomenon of biomineralization in pro- Diurrschmid, 1986). Unfortunately, the testate amoe- 
tozoa has been reported by Wood (1949), there were bae which is capable of selecting and arranging the 
a great deal of further researches which were concen- building material according to its size and shape to con- 
trated mainly on foraminifera, radiolaria and heliozoa struct a species-specific shell has been rarely investi- 


( Anderson, 1981; Murray, 1973; Patterson & gated. However, these studies would be useful for us 
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to enlarge our knowledge of the evolution and diversity 
in lower organisms regarding their primitive position. 
The freshwater testate amoebae genus Difflugia 
Rhizopoda: Lo- 
bosea: Arcellinida: Difflugiidae) has an agglutinated 


( Sarcomastigophora: Sarcodina: 
shell consisted of mineral particles, diatoms-frustules 
and sheet-like organic cement (Meisterfeld, 2000). 
Difflugia tuberspinifera Hu et al., 1997 was firstly 
observed and described in Wujiang River of Guizhou, 
China (Hu et al, 1997). Subsequently, Yang et al 
(2004) have made more detailed studies on its mor- 
phology and biometry. However, no data about the 
detailed elemental composition of the shell was present- 
ed. The purpose of this paper is to analysis the shell 
elemental composition of D. tuberspinifera, isolated 
from Mulan Lake, Hubei Province, China in July 
2003. 


1 Materials and Methods 


Difflugia tuberspinifera was collected from Mulan 
Lake, Hubei Province, China in July 2003. The ma- 
terials were obtained by pouring the surface water 
through a No.25 plankton net (mesh 64 um in diame- 
ter) for 10 min, next they were put in plastic bottles . 

For the analysis of inorganic chemical elements, 
specimens were first cleaned individually by transfer- 
ence through distilled water using a single-hair brush. 
Next, they were placed on a cover slip previously 
cleaned with lint-free tissue. The shells were exposed 
in air at room temperature until they dried completely . 
Then the cover slip was mounted on an aluminium-stub 
using a double-sided adhesive tape and coated with a 
thin layer carbon in High Vacuum Evaporator ( HUS- 
5GB HITACHI, Japan). Then, a qualitative investi- 
gation of elements was made using Scanning Electron 
Microanalyzer. X-ray microanalysis of the shell was 
performed using an EDAX-9000 with operating at 20 
KV and taking off angle at 38.0 degrees. Finally, the 
percentage of every element was obtained by ZAF mod- 
ifying. 

2 Results 


The shell of Difflugia tuberspinifera is spherical in 
form and composed of fine sand granules and flattish 
pieces of quartz to produce a mulberry-shaped appear- 
ance (Figs.1 -— 4). 

Fig.5 and Table 1 show that ten elements includ- 
ing Na, Mg, Al, Si, P, S, Cl, K, Ca and Fe 


were detected at the shell surface in D. tuberspinifer- 
a. The average value of Si is the largest, and repre- 
sents 57.29% of the total weight and 60.84% of the 
atom total. Furthermore, Si has low coefficient of 
variation ranging from 8.45 — 10.04, whereas others 
have a high coefficient of variation ranging from 21.97 
to 266.67. The elements Na, Mg, P, S and Cl are 
all traces with quantities less than 5% and with high 
coefficients of variation exceeding 65 (Table 1). K 
and Fe are both present in trace quantity, but they 
have an intermediate value for the coefficient of varia- 
tion, ranging within the limits 21.98 — 24.64 (Table 
1). In addition, Al and Ca are also both present in 
intermediate quantities, but the former has a coeffi- 
cient of variation ranging from 21.97 to 23.01, the 
latter ranging from 53.19 to 54.92 (Table 1). 


3 Discussion 


As we all know, the lithosphere (the Earth’s 
crust) is basically composed of O, Si, Al, Fe, Ca, 
Na, K and Mg while organisms mainly consist of C, 
H, O, N, PandS. Previous studies showed that sil- 
ica is the common biomineral in foraminifera, radiolar- 
ia and heliozoa (Anderson, 1981; Murray, 1973; 
Patterson & Diirrschmid, 1986). The chemical analy- 
sis of material used in the shell of some testate amoebae 
revealed that the shell is mainly composed of siliceous, 
calcareous and aluminosilicate particles (Couteaux & 
Jeanson, 1977; Jeanson & Couteaux, 1977; Ogden 
& Couteaux, 1986). Several genera of soil testate 
amoebae including Centropyxis, Euglypha, Nebela, 
Phryganella and Trigonopyxis have silica and alumini- 
um in great quantities ( Couteaux & Jeanson, 1977; 
1977; Rauenbush, 1987 ). 
However, in the few marine testate amoebae, the 
composition of shell seems to be a bit different. Ogden 
& Couteaux (1986) found that Alepiella tricornuta, a 
taxon isolated from marine littoral sands, has individu- 


Jeanson & Couteaux, 


al particles made of calcium, and other ones consisting 
mainly of silica and aluminium. Being an agglutinate 
freshwater species, it comes to no surprise that the 
main element in the shell of Difflugia tuberspinifera is 
Si (57.29%), but it is interesting that Ca (13.33% ) 
has in this taxon the second place. Aluminium 
(11.56%) comes on the third rank (Table 1). This 
result confirms the observation of (small) peaks of cal- 
cium in the EDAX signature of several freshwater 
and soil testate amoebae whose shells are mainly 
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Figs. | -4 LM photographs (1-3) and SEM photograph (4) of Diffligia tuberspinifera 


l; Apertural view; 2: Lateral views 3; Bottom view; 4; Apertural view. Scale bars 50 pm. 
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Fig.5 EDAX-spectrum of the shell surface of Difflugia tuberspinifera 
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Table 1 Shell elemental composition of Difflugia tuberspinifera (first line for Weight% , second line for Atomic% ) 
EO N e a aaa 





X M SD SE CV Min Max n 

Na 3.75 2.37 3.64 1.38 97.07 0 9.17 7 
4.77 3.13 4.48 1.69 93.92 0 11.46 7 

Mg 1.94 1.45 1.31 0.50 67.53 0.74 4.00 7 
2.35 1.81 1.53 0.58 65.11 0.93 4.73 a 

Al 11.56 11.93 2.54 0.96 21.97 6.80 14.05 7 
12.82 13.55 2.95 1.12 23.01 7.48 15.93 7 

Si 57.29 54.40 5.75 2.17 10.04 53.18 66.45 7 
60.84 58.78 5.14 1.94 8.45 56.39 70.19 7 

P 0.12 0 0.32 0.12 266.67 0 0.85 7 
0.12 0 0.31 0.12 258.33 0 0.83 7 

S 1.20 1.21 1.22 0.46 101.67 0 3.51 7 
1.13 1.16 1.13 0.43 100.00 0 3.25 7 

a 3.10 1.61 2.85 1.08 91.94 1.17 7.64 7 
2.58 1.37 2.34 0.88 90.70 0.96 6.40 7 

K 5.14 5.02 1.13 0.43 21.98 3.68 7.25 7 
3.95 3.89 0.95 0.36 24.05 2.69 5.67 7 

Ca 13.33 17.31 7.09 2.68 53.19 4.30 20.92 7 
10.07 13.18 5.53 2.09 54.92 3.08 16.00 7 

Fe 2.56 2.64 0.60 0.23 23.44 1.50 3.26 7 
1.38 1.41 0.34 0.13 24.64 0.80 1.79 7 


Data based on randomly selected. X; Arithmetic mean; M: Median; SD; Standard deviation of mean; SE: Standard error of mean; 
CV: Coefficient of variation in %; Min: Minimum; Max: Maximum; n: Number of individuals investigated . 


composed of silica, as e.g. Centropyxis sphagnicola , 
Trigonopyxis arcula, Phryganella acropodia, Pla- 
giopyxis declivis (Rauenbush, 1987). Therefore, D. 
tuberspinifera appears to have greater affinities with 
similar soil testate amoebae in respect of being able to 
build the shell mainly composed of silicon in greater 
quantity and calcium and aluminium in intermediate 
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